INTRODUCTION
Prostate cancer (PCa) is the most common cancer and is the second leading cause of cancer death in men in the Western world. 1 The role of androgen and androgen receptor (AR) in carcinogenesis and progression of PCa are the most investigated mechanisms. However, in recent years, more other pathways such as paracrine signaling between epithelial cells and stromal cells were reported to be involved in the process of tumorigenesis and progression of PCa, which will probably shed some light into the mechanism in investigation on prevention and management of PCa in the near future. 2 Finasteride, a 5-alpha reductase (5-AR) inhibitor, was ever investigated as a chemopreventive agent for PCa. 3, 4 In a PCa Prevention Trial (PCPT), finasteride reduced the rate of low-grade PCa; however, the percentage of patients diagnosed with high-grade disease (Gleason grades 7-10) increased. 3 This result led to controversy regarding whether finasteride facilitates the detection of high-grade cancers or it promotes the development of high-grade tumors.
Several articles were published to explain that finasteride facilitates the detection of existing high-grade cancers through increasing the sensitivity of PSA 5 and digital rectum examination; 6 To verify whether finasteride induces the progression of high-grade PCa, a xenograft mouse model was established using human PCa cells and stromal fibroblasts. We demonstrate that in a grafted tumor model, finasteride promotes tumor growth in the presence of stromal cells; furthermore, molecular pathways associated with cancer progression were promoted in cancer cells upon finasteride treatment. To the best of our knowledge, this article is the first to investigate the effects of finasteride on chemoprevention and therapy for PCa in an epithelial-stroma recombinant grafted mouse model. The role of fibroblasts and c-Jun in the chemoprevention and therapy for PCa are discussed.
MATERIALS AND METHODS

Animals
Male athymic Balb/c-nu mice, 4-6 weeks old, were housed in laminar flow racks and provided with sterilized food and drinking water. Sterilized gloves, clean gowns, facemasks, and caps were used when handling the animals. All animals were purchased and used for experiments at Cancer Institute, Chinese Academy of Medical Sciences. All the experiments were approved by the Institutional Animal Care and Use Committee at Cancer Institute, Chinese Academy of Medical Sciences and were performed at Cancer Institute in accordance with ethical guidelines.
Establishment of the LNCaP (PC3) grafted mouse model
Eight mice in each group, 2.5 × 10 7 LNCaP cells, 5 × 10 6 PC3 cells, or recombinants of LNCaP (PC3) and fibroblasts (c-Jun +/+ or c-Jun
) in a ratio of 1:2.5, suspended in 250 µl of PBS, were mixed with 250 µl of Matrigel (Becton Dickinson labware, Bedford, MA, USA) and were then implanted subcutaneously in male athymic nude mice using a 25-gauge needle. The tumor volume was calculated by the modified ellipsoid formula: length × width 2 × 0.52. When tumors grew to approximately 100 mm 3 , animals were treated with finasteride (intra-gastric feeding, 100 mg kg −1 per day) for 5-6 weeks or with the same amount of coin oil was feed to mice as control group. The sizes of the tumors were measured twice a week. The final weight and volume were determined after the xenografts were harvested.
Immunohistochemistry staining of Ki-67, CK, and vimentin
The tumor tissues were evaluated for cell proliferation using Rabbit anti-human Ki-67 monoclonal antibody (Maixin Biotech, Fuzhou, China). Rabbit Anti-P-CK/Cytokeratin AE1 + AE3 (Bioss, Beijing, China) (CK) and Rabbit Anti-Vimentin (Bioss, Beijing, China) were used to determine the origin of cells in the tumor tissue, CK-positive epithelial cells, or Vimentin-positive stromal cells. Formalin-fixed, paraffin-embedded tissue blocks were cut into 5-µm sections and mounted on positively charged slides. Tissue sections were deparaffinized with xylene and rehydrated with graded alcohol solutions; they were then incubated in citrate buffer (pH 6.0) at 210°C for 10 min and at 160°C for 10 min in a pressure cooker. After incubation in 3.0% hydrogen peroxide for 10 min and PBS wash, the tissue sections were immersed in working solution of anti-Ki-67, anti-cytokeratin, or anti-vimentin for 1 h at 37°C. Tissue sections were exposed with a second antibody (MaxVision™ HRP-Polymer anti-rabbit IHC kit, Maixin Bio, Fuzhou, China) for 15 min at room temperature. Finally, the sections were incubated in DAB chromogen and then counterstained with hematoxylin. Positive and negative controls were used throughout all immunostaining protocols. The ratio of Ki-67-positive cells was defined as the percentage of positive cancer cells by counting 2000 cancer cells at ×200 microscopically.
Tunel
For the xenografts, apoptotic cancer cells were identified using the ApopTag® Peroxidase In Situ Apoptosis Detection Kit (Millipore Corporation, Billerica, MA, USA). Paraffin-embedded specimens were deparaffinized, rehydrated, and incubated in Proteinase K (20 µg ml −1 ) for 15 min and in 3.00% hydrogen peroxide in PBS for 5 min at room temperature. After being incubated in equilibration buffer for at least 10 s, tissue sections were then incubated in working strength TdT enzyme buffer for 1 h at 37°C and incubated in stop/wash buffer for 10 min at room temperature. Then, apoptotic bodies were labeled using anti-digoxigenin conjugate for 30 min at room temperature. Specimens were incubated in DAB chromogen and, then, counterstained with hematoxylin. The apoptotic index was defined as the percentage of apoptotic cancer cells by counting 2000 cancer cells at ×200 microscopically. Olumi (Massachusetts General Hospital, School of Medicine, Harvard University). The fibroblasts were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 2 mmol l −1 L-glutamine, 10% FBS, and 1% penicillin-streptomycin at 37°C with 5% CO 2 . In co-culture experiments, LNCaP or PC3 cells were cultured in 0.4 µm-pore size permeable membrane Transwell inserts (Corning Inc., Corning, NY, USA), and fibroblasts were cultured in 6-well plates. When 50% confluent, LNCaP or PC3 cells were starved in FBS-free DMEM for 24 h and then moved to the 6-well plate with 80% confluent fibroblasts. The stromal-epithelial co-cultures were maintained in 1% FBS DMEM medium containing 100 µmol l −1 Finasteride (LKT Laboratories, Inc., St. Paul, USA); the medium was replaced every 24 h for 72 h.
Cells and cell culture conditions
Cell extracts and Western blot analysis
Cells were harvested for total cell lysates with M-PER Mammalian Protein Extraction Reagent (Pierce Biotechnology, Rockford, IL, USA) containing a mixture of protease inhibitors (Halt Protease Inhibitor Cocktail Kit, Pierce Biotechnology, Rockford, IL, USA) according to the instructions. The protein concentration was determined by the BCA protein assay reagent (Pierce, Rockford, IL, USA). Western blot analysis was performed as previously described.
14 The antibodies, including Akt, phospho-Akt (Ser473), extracellular signal-regulated kinase (ERK), and phospho-ERK (Thr202/Tyr204), were purchased from Cell Signaling Technology (Boston, MA, USA); the horseradish peroxidase-conjugated secondary antibody (goat anti-mouse, goat anti-rabbit) from Santa Cruz Biotechnology, Inc., (Santa Cruz, CA, USA); and the GAPDH antibody from Abcam, Inc., (Cambridge, MA, USA).
Statistics
Relevance among growth curves of grafted tumors was analyzed using repeated measures by ANOVA test. Associations between c-Jun, fibroblasts, finasteride, and tumor growth were evaluated by the ANOVA and LSD test using SPSS version 16 (SPSS Inc., Chicago, IL, USA).
RESULTS
Finasteride had no impact on tumor growth in the LNCaP (PC3) mono-grafted mouse model without fibroblast recombination
No difference was found between two growth curves for LNCaP (P = 0.272, Figure 1a ) or PC3 (P = 0.210 Figure 1b ) mono-grafted mouse groups with or without finasteride treatment. At the endpoint of the curves, finasteride did not change the growth of the LNCaP mono-grafted tumors based on size (Figure 2a) and weight ( Figure 2b) ; similar results were observed in PC3 mono-grafted tumors based on size (Figure 2c) and weight (Figure 2d) . The ratio of Ki-67-positive cells was not different in LNCaP tumors (Figure 3a and 3b) or in PC3 tumors (Figure 4a and 4b ) between the groups with or without finasteride feeding. Also, the apoptotic index was not different in LNCaP tumors (Figure 3a and 3c) or PC3 tumors (Figure 4a and  4c) between the two groups.
Fibroblasts stimulated tumor growth in LNCaP (PC3)-fibroblasts recombinant-grafted mouse model without finasteride treatment
The fibroblasts significantly promoted the LNCaP tumor growth in the recombinant-grafted group compared with the mono-grafted group between two growth curves (P = 0.001, Figure 1a) , P < 0.001) (Figure 2a ) and final weight (1.216 g vs 0.215 g, P < 0.001) (Figure 2b) ; similar results were found for the PC3 tumors between two growth curves (P = 0.000, Figure 1b) , P = 0.021) (Figure 2c ) and final weight (4.238 g vs 3.150 g, P = 0.010) (Figure 2d) . Accordingly, in the LNCaP tumor, fibroblasts reduced the apoptotic index (1.16% vs 0.95%, P = 0.016) (Figure 3a and  3c) and had the tendency to increase the ratio of Ki-67-positive cancer cells (42.50% vs 51.50%, P = 0.108) (Figure 3a and 3b) ; in PC3 tumors, fibroblasts promoted the ratio of Ki-67-positive cancer cells (75.83% vs 85.00%, P = 0.025) (Figure 4b) , while also increasing the apoptotic index of cancer cells (1.06% vs 1.85%, P < 0.001) (Figure 4c) .
Finasteride promoted cancer cell proliferation and repressed cell apoptosis in the LNCaP (PC3)-fibroblast recombinant-grafted mouse model
In the presence of fibroblasts, finasteride feeding did not have a significant impact on LNCaP (Figures 1a, 2a, and 2b) and PC3 (Figures 1b, 2c, and 2d) tumor growth. However, microscopically, the ratio of Ki-67-positive cells was up-regulated by finasteride in LNCaP tumors (51.50% vs 71.00%, P = 0.001) (Figure 3a and 3b) , and the apoptotic index was repressed in PC3 tumors (1.85% vs 0.59%, P < 0.001) (Figure 4a and 4c) .
The role of c-Jun in the fibroblasts' pro-proliferative function and for finasteride's therapeutic effects on the xenograft PCa tumors The pro-proliferative effects of c-Jun −/− fibroblasts were not observed in LNCaP tumors (Figures 1a, 2a, and 2b) ; the Ki-67 inducing effects and the apoptosis-repressing effects of c-Jun −/− fibroblasts were not found in the LNCaP tumor tissue (Figure 3a, 3b and 3c) . Compared with the obvious pro-proliferative effect of finasteride on tumor growth in the presence of c-Jun +/+ fibroblasts, finasteride did not stimulate LNCaP tumor growth in the presence of c-Jun −/− fibroblasts (Figures 1a, 2a,  and 2b) ; the apparent Ki-67 stimulating effects of finasteride was no longer observed (Figure 3a and 3b) , while finasteride still showed the apoptosis-repressing effect in LNCaP tumors in the presence of c-Jun −/− fibroblasts (1.27% vs 0.97%, P = 0.001) (Figure 3a and 3c) .
The pro-proliferative function of c-Jun −/− fibroblasts disappeared in PC3 grafted tumors (Figures 1b, 2c, and 2d) , and the Ki-67 inducing effects of c-Jun −/− fibroblasts were no longer noted (Figure 4a  and 4b) , while the pro-apoptotic effects of c-Jun −/− fibroblasts were still observed (1.06% vs 1.77%, P < 0.001) (Figure 4a and 4c) . In the presence of c-Jun −/− fibroblasts in PC3 tumors, the finasteride feeding did not stimulate the tumor growth (Figures 1b, 2c , and 2d) compared with the significant pro-proliferative effect of finasteride in the presence of wild fibroblasts. Finasteride did not stimulate the Ki-67 expression (Figure 4a and 4b) , the significant apoptosis-repressing effect was still observed (1.77% vs 0.93%, P < 0.001) (Figure 4a and 4c) , although a much stronger apoptosis-repressing effect was noted in the presence of wild fibroblasts (0.93% vs 0.59%, P = 0.007) (Figure 4a and 4c) . finasteride suppresses DHT by 70.80% at 24 weeks. The intra-prostatic DHT level changes with differential 5-AR isoform expression in different prostatic disease states. Finasteride is therapeutically effective for BPH patients because 5-AR2 is the predominant form in BPH. 15, 16 When finasteride was investigated as a chemopreventive agent for PCa, the cases diagnosed as high-grade tumors increased, and it remains controversial whether finasteride promotes the development of high-grade PCa.
Finasteride promoted the expression of p-Akt and p-ERK1/2 in LNCaP (PC3) cells when co-cultured with fibroblasts in vitro
PC3 and LNCaP grafted nude mouse models were established and fed with finasteride. Finasteride did not induce tumor growth in the absence of fibroblasts; when fibroblasts were involved, finasteride significantly promoted cancer cell proliferation and inhibited cell apoptosis. We can postulate that with time, oral finasteride may stimulate the progression of high-grade PCa by its synergistic effect of promoting cell proliferation and repressing cell apoptosis. The preventive and therapeutic efficacy of finasteride and dutasteride were determined in TRAMP mice, dutasteride inhibited PIN and/or PCa progression, supporting the therapeutic use of dutasteride for PCa, but finasteride increased the incidence of high-grade PCa, 17 suggesting that b a the increased incidence of high-grade PCa observed in PCPT may be an adverse effect of finasteride treatment.
The 5-AR isozymes' differential expression in the prostate may be relevant when examining the chemopreventive and therapeutic effects of 5-AR inhibitors in BPH and PCa. Decreased expression of 5-AR2 and increased expression of 5-AR1 in primary PCa were observed compared within BPH (unpublished). 16, 18 The differential expression of 5-AR isozymes in PCa implies that dual inhibitors of 5-AR1 and 5-AR2 may be more effective in reducing the need for aggressive treatment of low-risk PCa in men under active surveillance 19 or delaying PSA progression in patients with biochemical failure after RP or RT for PCa. 20, 21 The mechanisms driving the differential expression of 5-AR isozymes have not been adequately explored. Methylated CpG islands in the 5-AR2 promoter region could account for the reduced expression in some adult prostates. 22 We are currently investigating whether methylation of the 5-AR2 promoter region is involved in the differential expression of 5-AR isozymes in PCa. Second, both 5-AR1 and 5-AR2 are present in epithelial and stromal cells in the human prostate, while 5-AR2 is the predominant isozyme in stromal cells. 23 Fibroblast-secreted, soluble factor also induces the transcription of 5-AR2 mRNA in long-term primary cultures of prostate epithelial cells that can no longer transcribe 5-AR2 mRNA in the absence of fibroblasts. 24 Fibroblasts and fibroblast-secreted factors are very important for the transcription and translation of 5-AR2 through stroma-epithelia crosstalk in prostatic tissue. Third, androgens, especially DHT, and the androgen receptor are vitally involved in the growth and progression of PCa. Koivisto et al. 25 reported that PCa developing during finasteride therapy might have distinct biological properties, such as Xq gains and 6q losses as well as Arg726Leu mutation of the AR gene. One tumor with Xq gain had a 3-fold amplification of the AR gene, suggesting that tumor development in finasteride-treated patients may require an increased copy number and expression of AR.
The Jun-family of proteins is critical transcription factors that act as co-activators of the AR or form activator protein 1 with Fos to regulate the transcription of androgen-regulating genes. Activated c-Jun in the stromal cells plays key roles in stromal-epithelial interactions. Thakur et al. identified a novel binding site for activated c-Jun in the promoter of the Snail1 gene, which triggered TGFb-induced invasion of human prostate cancer cells. 26 We also observed the obvious pro-proliferative effects of c-Jun in fibroblasts for cancer cells, which is in agreement with Li's description that stromally expressed c-Jun promotes prostatic epithelial proliferation through the IGF-1 paracrine signal pathway.
14 When c-Jun was knocked out, the pro-proliferative function of fibroblasts was compromised or absent. The stimulating effects of finasteride for cancer growth were attenuated to a reduced level. What we can infer is that the c-Jun mediated response plays critical roles in the pro-proliferative function of fibroblasts and the stimulating effects of finasteride for tumor growth. Chen et al. 27 reported that the c-Jun is an AR coactivator that stimulates AR transactivation by mediating receptor dimerization and subsequent DNA binding; siRNA-mediated repression of endogenous c-Jun expression resulted in markedly reduced growth of PCa cells, strongly suggesting an important biological role for c-Jun in PCa, especially for CRCP. The DNA enzyme, Dz13, targeted against the oncogene c-Jun was also able to inhibit both loco-regional and distal metastasis of PCa, which further highlights the growing potential of Dz13 as an anti-neoplastic agent. 28, 29 The activated p-Akt and p-ERK1/2 pathways are closely related to cancer growth and progression. Although finasteride inhibited p-Akt and p-ERK1/2 in mono-culture cancer cells, finasteride induced p-Akt and p-ERK1/2 to a very high level in cancer cells when co-cultured with fibroblasts. Fibroblasts play critical roles in the chemopreventive or therapeutic effects of finasteride in prostatic diseases. Finasteride up-regulates pro-proliferative signals in cancer cells through its impact on stroma-epithelia crosstalk, stimulating tumor growth by promoting cell proliferation and repressing cell apoptosis. When PCa cells were grown alone or in combination with c-Jun −/− fibroblasts, the pro-proliferative function was repressed, which underlines the importance of c-Jun in epithelia-fibroblast interaction and finasteride's chemopreventive or therapeutic function. Another group observed deteriorating effects of androgen deprivation in a mouse model of high-grade prostatic intraepithelial neoplasia (HG-PIN) induced by PTEN loss in which surgical castration accelerated the disease progression of the stable HG-PIN to invasive CRPC. Targeting the PI3K signaling pathway via either genetic ablation of PI3K components or pharmacological inhibition of the PI3K pathway reversed the PTEN loss-induced HG-PIN phenotype. Concurrent inhibition of the PI3K and MAPK pathways was effective in blocking the growth of PTEN-null CRPC. 30 These data indicate the potential adverse effects of anti-androgen chemoprevention in certain modified microenvironments (cancer reactive stroma or CAF) or genetic contexts (PTEN loss or continuously activated c-Jun) while demonstrating the potential promise of paracrine and stromal targeted therapy for the management of PCa, especially for CRPC.
More interestingly, when androgen-sensitive, AR-positive LNCaP and androgen-resistant, AR-negative PC-3 were used to determine the role of fibroblast and c-Jun in the therapeutic effects of finasteride for prostate cancer cells, we obtained very similar results for these two distinctly different cell-lines. Normal growth of these cancer cells and response to stress of finasteride may partly account for the similar results; more importantly, these results underscores the role of fibroblasts and c-Jun for finasteride's effects on both cancer cells through the epithelial-stroma interaction, apart from the AR signaling pathway. However, we also find subtle difference between these two cell-lines that finasteride induced proliferation of LNCaP cells while repressed PC3 cell apoptosis in the presence of fibroblasts. The final results were probably the synergistic effects among different signaling pathways. The paracrine factors between epithelial cells and stromal cells, such as IGF-1, were more and more emphasized, which is our direction in the following investigation.
Here, we need to mention some limitations in this investigation. First, although fibroblasts were reported to induce the growth of prostate epithelial cells, 2,14 the data (Figures 1 and 2 ) in our article are not perfect to explain the inducing effect of fibroblasts for cancer cells, because in recombinant-grafted group, we implanted fibroblasts in addition to cancer cells compared with the cancer cells mono-grafted group, but we still found the pro-proliferative function of fibroblasts by increased Ki-67 expression and repressed apoptosis in cancer cells. In this article, we focused on the role of fibroblasts and c-Jun for the stimulating effects of finasteride for prostatic cancer cells, as above discussed. Second, the animal experiment period is 6-7 weeks, much shorter than the therapeutic time of months or years for men taking finasteride. During the limited period, it is hard to show the effect of finasteride fully for cancer cells in the presence of fibroblasts, although we found some significant differences in proliferation and apoptosis between groups with or without taking finasteride. Third, the application of matrigel is helpful for the LNCaP xenograft tumor growth, especially for the groups of mono-grafted tumors, while it was probably a confounding factor for evaluate the role of fibroblasts for finasteride's effects on cancer cells. We applied matrigel to all the groups, including mono-grafted and recombinant-grafted groups, to eliminate the confounding impact by maintaining the same volume and same concentration of matrigel.
CONCLUSIONS
Stromal cells and c-Jun promote tumor growth; finasteride further stimulates tumor growth through the synergistic effect of promoting cell proliferation and repressing cell apoptosis. Finasteride promotes certain molecular pathways that are associated with tumorigenesis and cancer progression in cancer cells in the presence of stromal cells and c-Jun. Stromal-epithelial interactions play critical roles in finasteride's chemopreventive and therapeutic effects on PCa. Our findings have preliminary implications in using finasteride as a chemopreventive or therapeutic agent for PCa patients.
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